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I. INTRODUCTION

During the first year of Contract DAMD-17-85-C-5172 , two new

compounds have been submitted by WRAIR for examination. In

addition to investigations on these , studies have continued on a

number of compounds submitted previously together with a few

miscellaneous drugs of interest in this programme. These

investigations have involved testng for actiity against blood,

tissue and mosquito stages of Plasmodium berghei and Pyoelii.

Concurrently with these investigations we have also bw
-

examining cross-resistance patterns of a wide range of resistant

lines . Two new amodiaquine-resistant lines have been developed

a:! ir- now avaiiarle for inclusion in our blood scnizontocidal

activity test.

Preliminary studies on thu isoJ.zyme charactoristics of some

,ur ntrainn: nave bene'o rried out and talc screeningisr-

-x , -doj to all of te s rainz of rodent malaria held in our

A : ,-W ",2h5ni q uV wn i .'n re. .,cenLI y :,".,: A 1 Aej 7 ur" '

Pr Cr M-r n , -. rmlts -:.- i n Vitr '" n.x~m in A L-~n qTC " 1iv t VOV A W1 1 -n

tn c -x -r -. 'tnrr ct1c l chi ont3 oF P.y, onii. TD date onlv DOhe

P'ompound, IC1 567 8 0, has been examined in this sy stem and data

From th i sI est are 'no l uded in this report. Thi compound na

aLso been submitted to WRAIR for evaluation as a hypnozoitoeid-I.

-,ent ,t:,-iinst P.cynomolpi in Macaca mulatta.

Tl Annual Report this year has been aivided into- two

v lum,-. Th first 0 ''.so contains tie text of the report

t , 'th- with tables lummarising thn re tlu ts hbtaino, in th-

varfoqLs tost systems Th- second volun, contains the de!ta ilel

a ' . . r t t s.



2. ADMINISTRATIVE EVENTS

Staff employed on US Army funds are as follows:

Senior Technologist/
Research Assistant - Mr B L Robinson 100 % time

Technicians - Ms A West 100 1 rim

- Ms J R Cox 100 % time

Secretary - Mrs T Sargeaunt 25 % time

Ms West and Ms Cox have been employed on US Army funds for

several y ears as Junior Technicians . They have now both

completed their technical education and , having passed the

examination for Higher National Certificate in Medical Laboratory

Tecnnology (Ms 'e.-st) and Applied Biology (Ms Cox), na;- qualified

for promotion to -a higher grade.

Other stiaf moociated with the project but paid from London

S3-hool soure- , ,

rrofessor W P.- ', ncipa- InvestIgator) 0 t

Dr D C Wrin Aoint) 20 time

Orb 9 n :,1 ;tbr D S E !i: !--... ,' ,ic o.-op-, *-. . . . .:m,

urrently r ei''nn :i,)proximatel; 10,090 adult An-pheles st,,phens'

,t ich weoo

A new room has just been nompiet.zd for in vitro

studies on , .v'nrocv tic stages of P.voelil c j w, anticipat<

bing ai,- ( n rorate this rytm --, to supplement,

in vivo testJ *' 'or causal orophv lactic studies t,,fore the end of

1 o86.

The col.'; ,of eryopr-7 erved -srain nt malaria ha'

been sup ., y-i the addition of two ii,, ine resistant

linen. F,'. " '- n::. of t cornn,,', r - for - !t ::" i .



activity now involves a battery of fourteen strains, derived from

either P.berghei or P.yoelii, which are resistant to standard

antimalarials, in addition to drug-sensitive P.berghei.

An oxrficial visit was made to the London School of Hygiene

and Tropical Medicine by LTC Willis A. Reid, Jr., Chief of the

Department of Parasitology at WRAIR in October 1985.

3. CHEMOTHERAPY STUDIES

3-1 Blood oohiz.ioCes

Data are summarised in Table 5 and detalled report s

ir't_ appended as TaD1es tnrougn 16

3.1.1 WR 254594 (,9[ 07762 )

Owing to the "fiat" n-t ure of the dnsa re.psonse

,b aire 'frm theQ Qo' r .! .:t again. __._er__ _ ;s rain wLt:2

this -ompound, it ws e sr to estimit- the EDqo of <00 mo/k0

i.1.) FeL 09686 (WR 7-mbe 'r,- known)

,he ',tndard antirtal r - , r -a n -<a'i - t rain - 0

).1.3 [vermectin

I v-r r-.t in n:a Ln> g, aali s t P, h h e ' 7.t g r/kk X ~4 .

' 't *- - compollnd pr.ave'ited screening at. nigher dosage.

,'X Vclinie

'hi-; -deoxy tetrary Linf, ED9 0  - 15.0 - 4:/- X U so) wis more

w tn iimesas a, iv. against N.b,,ghi Nat In) s

" , ' "' ' t t " w h , "! 1. :' 1 7 ;I : , ::



Tests against strains resistant to chloroquine, mefloquine

and quinine showed no evidence of resistance to doxycycline.

3.1.5 ICI 56780

This quinolone ester was examined in some detail by the

Principal Investigator's team in Liverpool some years ago and

found to be very active both as a suppressive drug in blood

induced infections and also as a causal prophylactic (Ryley -nd

Peters, 1970). In the current series of tests we have confirmed

the activity of ICI 56780 against tne drug-sensitive P.tergnei N

strain, when given subcutaneously, Tni also demonstrates te lar>k

,)f oross-r~sin-tan -~ in -it rain !. -., *ri.r ..

chloroquine, quinine and met'loquine. indts-ed, in the case S :.ne

mefloquine resistant line there- is *vidence of i : -h

hy persensitivity to tis m :)ouno. A(! nistered crslv , *ni.

omp ound [2 e ,D v , Ob: rhA and a: I n n ,

were obtained.

Strain Resistant .o

NS* Ch i croqa i ,. . 1 4

4 Qalnine .,. 1.1

-, 1.0

N Ia a n I (-!C

nine~ .0O~

'3 ',,i i n i n e :;,:,0.6

N I I ,, ' q u i n e . .

'elji ssp

Table 1. A sari ,'S "our-day ,y:" siia obtain,: '.A r ?

IN IIIII -- II I



3.2 Causal prophytaxa

Causal propnylactic test results are summarised in Table 14

and detailed data may be found in Tables 19 through 32.

3-2.1 BK 7001 (WR 25272? AA)

This compound had a Minimum Fully Effectiv" Vose E

between 30 and 100 Mg/kg X I1 c.Teewsn v -c

residual arti~lty at 100 m/',

r du i I ii

r he - i as 1n ,pl I i vr

Ir-1 -V

ino t e: inn which wr n-r r-Ksn orra-Y r



are

i. 5-hydroxyprimaquine (SHFQ)

Fully active (HEED =10 - 30 mg/kg X 1 so). Some residual

activity at 30 mig/kg,.

II )-hydroxy -6-deamethyl1 pr imaqu ine (DES)

Tfhl11 HET of" rtsi- mt ah)oIi t e wS -i -'0 R.r

*v - n ce -of' res: i iualI acot iv it y. Arkg -7 , rt v-,

7 x



3.3.2 WR 254594 (BL 07762)

This compouind shows activity of the same order as 'WR 50V 41 9.

roe maximum tested dose (100 mg/kg) produced 41 Tr-r cent

suppression of oocyst development in A.stephensi fed r; tre ated

mice.

3.3.3 BL 09636 (WR njumber not known)

0OnlIy sl1i g ht suporession (368 p,?r ,ii-n t.

infectivity resuI t ed f rom- a s r w, ~cse o f 10 Dg/m<k.

7 ' n

7 11

z, ~ ~ 1' i -iJI )



cent inhibition of occyst development and further tests are being

undertaken to assess the effects of higher doseage.

3.4.4 WR 254419 (BL 05848)

WR 254419 was toxic to A.stephensi at the screening dose and

only one mosquito survived from the 25 originally inCe c t ed.

Dissection of this sole survivor, however, showed no sign of any

F suppression of oocyst numbers and there is probably no activity

at the maximum tolerated dose.

W.. R 254594 (BL 07762)

.hacompound was also toxic to I 

less so than WR 2544 19. At the screening Jose Four mnosaquitoes

survived and dissec-tion s7nowed tha -nr wa prxitlV4

n t,. i i n.' h i ' *

ace li0 oetre I n

T.,1;~ or spcc 'I .2 r C r m

I- -dyi~ t ;lr'tl It j 2

x id ' r 3 o r- d I ict.v t



3. 6-hy droxy -8-arninoquinoline (AQL) WR 6890

4Slightly active at 0.05 %

4.~ 5,6-dimethoxy-8-arninoquinoline (DM8AQ)

Slightly active at 0.05 %

5. 5-hydroxy-primraquine (5HPQ)

Inactive at 0.05

6. 5-hydroxy-6-desmethyl-p-iraquine (DHPQ)

Inactive at 0.05 %

7. carboxymetabolite of' prirnaquine

rt n

ii in- ir ri*Io'-7;t-

o~~ -i r-7.-''.-

/

n c i ~h. o tr t

11r



female A.stephensi which have been infected with P.yoelii 17X

strain fourteen days previously. The glands are homogenised in

MEM (with FCS and antibiotics) and, after counting the

sporozoites, the volume is adjusted to give a concentration of

approximately 100,000 sporozoites / ul.

The medium is removed from the nepatocyte .-ultures, repla. .i

with 0.25 ul of sporozoite suspension and the cultures are

incubated at 37°C to allow the sporozoites to enter tne

hepitocytes. After two hours incubation, 1 ml of MEM with 'C,

anti biotics and cortisone is added to each of the ,t re .

r,,,-,I r o t o i *!.,1r- S 1- a :I 1 " , '. _ f ), .r I 1 d's: 'I . ! I t ,' .-

medium to the test plat'os. The medium and drug are renewed fIr.r

O4 hours incubation and ne oultures are fixed wits motnanol

nftor 1S ho:r1 in, tatI In ria 1 t- 1taini 7, with BI' M tinS.

"h tOta r -i mb r o " oir -0 r.,o st. :n e ? I Lt :;r- It,-.

for )r-.-n r ri it ,i n'

reat u i m t. i u r , o ,eck f ' aIny b: e

interfe r e ,r.r Orn t tn. -

References:

1. Mii l , * ii,? ta',on . . ..

(1d85) rd . ri:' , 40.

. n [ss -1,]" . n. hi -rry Nd. a rd 1 J n 1 '

C R Acd r 'i .



3.5.2 Results

When examined in the P.y.nigeriensis causal prophylaxis test,

the quinolone ester ICI 56780 was found to be fully active but

the presence of residual activity at the lower point of the MFED

range made it unclear whether that activity was truly causal

prophylactic. In the in vitro test, however, activity against the

exo-erythrocytic schizont may be directly observed and a compound

which relies entirely on residual activity against emergent blood

stages can be identified by its lack of action against the tissue

stage.

48 hour schizont counts

Compound mg/1l 1 2 3 4 Mean I Control

Medium control - 32 25 2 37 31.50 100

Etna.nol controi 2) , . 3, 32.,;

Primaquine 0. 1 2, .4 2,1 2b.25 '7.0

1 .0

ICI 56780 0. 1 10 8 7

Table 2. Results of an in vitro 1- 1 56780 and ?rimaquine

diphosph,-it : iaainst exo-ery ' h', "v stages oC . ,c 17X in

primary hepatocy te culture.

In this test an ethanolic r,, u -vn of ICI 56780 wac added to

the med.; z ire concentra i. .1 and 1.0 m A/I. Pn ethanol

control was included and wri-, as used as osive drug7

control. I r ,m the data obtained ' . ) it was s oar 'hst the

lower ,Ponent rat ro x imatI - r c'nt



blocked infection completely. This compares favourably with

primaquine which whilst fully effective at 1.0 mg/l caused only

23 per cent suppression at 0.1 mg/l. Two Petri dishes, i.e. four

cultures, were used for each group.

No evidence of toxicity was found in either primaquine or ICI

56780 treated preparations stained supravitally with 0.25 per

cent Trypan blue in HEPES buffer.

From the results of' this test it can be concluded that IC1

56780 has a direct action on the pre-erythrocytic schizont of

P Pzelii -ind that, in this strain at least, tne level of ' t ivty

| a: greater than that of primaquine.

{.h Development of drug resistance

iw-) lln-:-§ r7e-im laria rca i--in -1 -t

-1,-V, I opej y h t o per cent rellip.-, t< ,cnsIi .Iq tow first

" these (;-signat) 0A-! was produced :,y XpOsin ,

7 :;:: 1 - ," " ~ .: u . .: : Ov .ber~hei a;,trri b. : /k ' ]

Ioj whIch nad Len ond to permi reormdes n c ic r

preliminary experiment. Development of this 1in- was fairly slow,

with 20 passages ,'lsrsine over a period -- mst six "onths

before a high level of resistance was reached. The course of

-icquisition of' r{: :: frc in the NAM ire is raphi a

illustrated in Figure 1. The stability o' tris resistance has not

vet been tested b; wltnsr awal of dru aressure, hu ,rvo-

Preservation has no ,is7,',rna-hle effect.

The SAM line, ;hih wi- developed! from P.yoelii ssp 'IS

os, oin, was- O t ,nO ...... ,-....r rev< t i'

1 0



parent strain is inherently less sensitive to amodiaquine than

P.berghei N strain. The dose selected from the preliminary test

was 100 mg/kg X 1 sc. Resistance developed very rapidly, with an

appreciable level being apparent after only four passages (Figure

2). Withdrawing drug pressure after 55 passages has had no effect

on the level of resistance to date (15 passages).

Cross-resistance studies on these two strains are scheduled

and the results of these will be included in a subsequent report.

3.7 Cross-resistance studies

Over a period of years, initially in Liverpool and latterly

in London, the Principal Investigator and his team nave

developed strains of rodent malaria which are resistant to a wide

range of antimalarials. Whilst isolated --xPriments na.,i be.n

carried out to determin- the levels of primary resistance an], in

t few cases, cross-resistance patterns, to some of toe ranscot

stssndard antimlarials, no comprehensive otdj:Jeuc; nae eens

r', ire ur rentl/ 7,P.n to rectify " hi q , ssi n t it -n

-Ai or' Lar existing resistant lines against a battery of sixteen

diff!erent antimalarials and the results obtained so far are

presented in Tables through 222 (summarised in Tables 7 and .

3.3 lsoenzyme studies

Preliminary experiments to establish experimental techniques

h1-,: sow been completel for seven iscenzvm,-s and marker st.ra ins

have been selected. Clones of these strains are being made in

order to preparo pure st-indard lysates and ,ata from the el,-t 
-

ohoretic studies on tnhec and other strains will be present< ITT

[I "'Y I". n .r' s i ire curre:nt iv :

15



to study are listed below, together with a list of marker

strains, and techniques for other enzymes are being investigated.

3.8.1 Isoenzymes and marker strains

Techniques are available for the following isoenzymes:

I.Glucose phosphate isomerase (GPI)

2.Glutamate dehydrogenase (GDH)

3.Glucose-6-phosphate dehydrogenase (G6PD)

4.Hexokinase (HK)

5.Lactate dehydrogenase (LDH)

6.Malate dehydrogenase (MDH)

7.6-phosphogluconate denydrogenaae (5PGD)

The following parasites will be employed as markers:

1.P.ber~hei N796 (= Keyber 173)

2.P.bergnei NK6

3.P.yoelii 17X

4 .F' n z ,riensI:;

5.P.chabaudi
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TABLE 5

SUMMARY OF GAMETOCYTOCIDAL ACTIVITY

WR BN LON GD 5 0  GD 9 0  P190

RIMAQUINE DIPHOSPH{ATE 1711 1.3 33.0 1.0

254419 BL 05848 2010 > 100 - -

254594 BL 07762 2024 > 100 - -

? BL 09686 2046 > 100 - -

ICI 56780 1001 22.5 185.0 0.10



TABLE 6

SUMMARY OF SPORONTOCIDAL ACTIVITY

WR BN LON ACTIVITY % SUPPRESSION

CYCLOGUANIL ACTIVE 95.2

PYRIMETHAMINE ACTIVE 84.8

HALOFANTRINE 1955 ACTIVE 47.6

252127 BK 74491 1956 INACTIVE U

251977 BK 73127 1957 ACTIVE 54.3

254419 BL 05848 2010 INACTIVE * 0

254594 BI, 07762 2024 SLIGHTIY ACTIVE* 40.7

? BL 09686 2046 ACTIVE 79. 13

MAQ (Strother) = WR 15081 INACTIVE 0

AQD (Strother) - WR 6865 INACTIVE 

AQL (Strother) = WR 6890 SLIGHTLY ACTIVE 33.1

DM8AQ (Strother) SLI!rHTIY ACTIVE 32.4

51PO (Strother) INACTIVE 0

DHPQ (Strother) INACTIVE * 0

Carboxymetabolite of PQ SLIGHTLY ACTIVE 32.4

(Strother)

• TOXIC TO MOSQUITOES

Al 1 compounds t estod at the screeninu concentration of U .80 ner

cent in 5 per cent sucrose solution.

i i i inoulm 25



TABLE 7(A & B). A summary of ED 9 0 values obtained with a series

of strains of P.berghei and P.yoelii against a range of

antimalarials.

Strain Primary Resistance

1 .P.berghei

N Drug sensitive

RC Chloroquine

Q Quinine

N 1100 Mefloquine

NH 11alofantrine

, Pr imiquine

,1B Cycloguanil

PY, iPyrimethamine

viPJA : I Ionani de s

n; I(- t on e

1i I 'IT'yrcina rid i ne

:; 170': £': 2. 2:.2vf

N5 ,:'hlor: 1 uine

: 1 (2 -e uine

Sq H lofantrine

S PS pyrnaridine

P. y . nicdr irsnstane 2

.12{ No induced resistance
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TABLE8(A & B) Blood schizontocidal test results expressedas

Resistance Factors (IO0). ED9 0 values of each strain are compared

with that of P.berghei N strain (190 of N strain = 1.0)

29
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5.2 FIGURES

FIGURE 1. Graphs showing the acquisition of lesistance to

amodiaquine by the NAM strain, which was developed by the two per

cent relapse technique from P.berghei N strain exposed to 60

mg/kg amodiaquine (X 1 sc), and the SAM strain which is derived

from P.vn-lii 1rn. N;l strain under arc~djaquin. r,,nuur, I,

32
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